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(Paper No. i809.) 

“Extension of the Dundee Street Tramways.” 
By ANDREW GREIG, ABSOC. M. Inst. C.E. 

THE Dundee Police  Commissioners  accepted tenders for the extension 
of the  tramway  system in December 1878. The first section was 
for 1 mile 1,140 yards of double line of tramway,  and 1 mile 
5 yards of single  line,  according  to- the designs of Mr.  William 
Mackinon, Burgh  Surveyor. The double lines  have been  con- 
structed between  Dundee and  the  village of Lochee, along the 
Lochee  Road. The single  line is the  Perth Road  extension. 
The lines  are  laid to a gauge of 4 feet S& inches, with a 4-foot 
way;  and  the  rolling surface of the rails is l& inch. The rails 
are of steel, made by  the Bessemer  process  from a mixture of the 
best  English  HEmatite  brands  and Spiegeleisen, cast into  ingots of 
sufficient  weight, and have the web  perforated according to Gowans’ 

system (Fig. 1). They weigh  about 
80 lbs. per  lineal  yard,  are 7 inches 
high,  and in  lengths of 24 feet  and 
upwards.  An allowance of 10 per 
cent. was  made for lengths of 18 feet 
and upwards. The bed of the rail, 
being 6 inches broad, gives  a  bearing 
of fully l& inch  on each side for the 
paving setts. This section of rail 
never  having been previously rolled, 
considerable trouble  and  delay Were 
experienced,  especially in forming the 
grooves. After  many  experiments 
and much expense,  caused by  the 

necessity  for the adoption of specially prepared rolls, the sections 
were  satisfactorily completed. Formerly  this  kind of rail was 
made by  rolling  the head solid, and then  planing  out the groove. 
But  this process was  costly and tedious ; and, besides, it broke the 
skin of the steel,  and caused irregularities in  the  width of the  lip  and 
bearing surface. The perforations of the web are  44  inches wide, 
the space between them being 3 inches, and  they  are  intended 

FIQ. 1. 
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to add stiffness to  the  tramway,  by allowing the concrete and 
grouting to pass through  the rail, and  bind it and the paving  setts 
together. All the  rails were  sent to  the ground  straight, those 
required for curves  being bent  to  the proper  radii  by  strong cramps. 
This was  easily accomplished notwithstanding the peculiar section 
of the rail. 

The ground was  excavated to  the  depth of 124  inches below the 
finished surface of the roadway. The bottom of the  track was 
cleared of soft and  unsuitable  material, and then levelled and 
beaten to Eecure a solid and uniform  bed. On this was laid a 
foundation of concreb 6 inches in thickness, composed of 1 part of 
Portland cement, 2 parts of clean sharp  freshwater sand, and 4 parts 
of clean whinstone metal, broken to pass through a %inch ring. 
The rails  are so laid that  the upper surface of the bottom  flange is 
flush with  the  top of the concrete  foundation, and  they  are carefully 
levelled and solidly bedded underneath  with cement  mortar. They 
are joined at  the ends with fish-plates 18 inches long, 5 inches 
broad, and 9 inch  thick.  Each  pair of fish-plates is secured by 
four  bolts and  nuts, the bolts  being 23 inches  long, $ inch  thick, 
and square  under the head. The  paving  setts  laid between the 
rails  and on the outside are of whinstone, 6 inches deep, 6 to  12 
inches long, and average 3& inches in thickness. While the paving 
was  going on, gauges  were kept on the rsJ1.s t o  maintain  them  in 
proper position, there being no tie-rods. The .setts  next the  rails 
are bedded on cement mortar  and sand, and  the  top of them  is left 
as  nearly  as possible flush with  the  top ,oP the rail. The  other 
paving stones are bedded on a  &-inch  layer of clean  coarse fresh- 
water sand, and  well  beaten down.  Before the  setts were  laid, 
the sides of the rails were  packed with  Portland cement  mortar. 
The  setts were  grouted  with  best  bitumen  manufactured from 
pitch,  pure coal-tar, and creosote oil, in  the proportions of 1 ton 
of pitch to 80 gallons of tar,  and 20 gallons of creosote, or  such 
other proportions aa the  engineer approved,  these  substances 
varying considerably in quality. 

The steepest  gradient is l in 18.5. The inclinations vary from 
1 in 52 to 1 in 138. In the  centre of the town  a  portion of the 
tramway is almost level. 

The second section, from the Post-office to  the  East end of the 
town, is double for a considerable distance. Its length  is 2 miles 
742 yards,  taken as single  line, At Victoria bridge  a  branch 
begins, and runs along Victoria Street  and Arbroath Road t o  
Baxter  Park.  The  rails used for the lines  leading  northward are 
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similar to those already described, but as the web is not per- 
forated, they  are much  stronger. They  weigh  about 82 lbs. per 
lineal  yard,  and  were called ‘‘ heavy  rails ” to  distinguish  them 
from  Gowans’ rails. 

The  branch  is 847 yards  in  length, measured as single  line,  and 
has been constructed according to Mr.  Mackison’s system  (patent 
No. 2894, dated  20th  July, 1878). This  system consists of two 
parts  L-cast-iron  tee sleepers  and rolled rail  fastened on the top. 
The sleepers  weigh 120 lbs. each, are 3 feet 11 inches  long, 
ll& inches broad  across the bed-plate, 6 inches  high,  and  are  laid 
1 inch  apart  at  the  ends  (Fig. 2) .  They  are of open  make, the 

rail-bed at  the top  being connected by  vertical  supports. The 
underside of the  bed-plate  is cast with recesses in it for the purpose 
of gripping more securely  the cement  mortar on which it is bedded 
(Fig. 3). The open spaces in  the bed-plates, those between the 
vertical  supports  connecting the  bed-plate  with  the rail-bed,  and 
those  between the paving  setts  next to  the  rail on each side, are 
packed with concrete. The greater part of the sleeper is  there- 
fore embedded in  the concrete, and  is  held  firmly  in position. The 
rail-bed of the sleeper  has a dovetailed groove for receiving  the 
dovetailed  tongue on the  underside of the rail,  and has inclined 
and  slightly  dovetailed recesses for fixing the keys  (Fig. 4). The 
rails,  weighing  about 36 lbs. per  lineal  yard, are of rolled  steel, 
and  shaped at the bottom so as to fit exactly  to  the side of the 
groove of the sleeper,  and  have slot-holes pierced through  the 
grooves at  intervals for the insertion of the fixing keys. These 
keys  are of wrought  iron,  4  inches long, l+ inch broad, average 
4 inch  thick at  the centre,  and are  tapered  and bevelled. They 
can  be easily removed, so as t o  allow of the rails  being  taken off 
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and replaced without  disturbing  either the paving  setts or the 
cast-iron sleepers. 

The experience gained in rolling the other section of rails 
enabled the makers,  Messrs.  Brown, Bayley and Dixon, of  Sheffield, 

FIG. 3. 

FIQ, 4. 

to  manufacture this section with dovetailed tongue successfully, 
after a  few  trials. When  the rails are fixed, that  part of the 
grooves in the rail-beds of the sleepers not occupied by  the tongues 
of the rails ie filled with plastic  British  bitumen to keep  out water 
and mud. The  lengths of the rails are 20, 24, and 28 feet, less 
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inch for expansion. An allowance of 10 per  cent. was  made for 
lengths of 16 and 20 feet, less t inch. The gradients  vary from 
1 in 23 to l in 517. 

The cost of the tramways  laid  with Gowans’ rail was  about 
5 2  6s. 5d. per  lineal  yard of single  line, or 54,085 le. per mile. 
That of the tramways  laid  with the heavy rail was  about 5 2  3s. l ld .  
per  lineal  yard of single  line, or 53,867 2s. 4d. per mile. The cost 
of the  tramway  laid along  Victoria Street  to  Baxter  Park, ac- 
cording to Mackison’s system, was about 5 2  8s. 10d. per  lineal 
yard of single  line, or 54,299 2s. per mile. This being the first 
contract for Mackison’s system, and  the  quantity small, the rates 
were  proportionately  higher, special rolls  having t o  be prepared. 
But a  material  reduction  has  recently been made in  the manu- 
facture of the sleepers and rails,  as in the case of the contracts 
for Oldham, where  a  length of 7 miles has been laid. 

The following are  the  rates for the various  items in the contracts, 
arranged to  show the cost per  mile of single line :- 

l. GOWANS’ SYSTEM. 

Lifting and carting 
macadam, &c. . . . 522 cubic yards 

Excavation, &c. . . . . 1,108 

Portland cement  concrete 
6 inches thick , . . ._ ) 782 ,, 

Laying tramway,  &c. . . 1 , 760 lineal yardr 

Paving,  &c. . . . . . 2 , 836 sq. yards 

Paving  next rails on cement . . and . sand} . . $9 

Grouting joints of setts 
bitumen . . . . 

Steel rails . . . . . 1252 tons 

Wrought-iron fish-plates . 46 9,  

,, bolts and nuts 9 cwt. 

Royalty at $75 per mile . .. 
Cost per mile of single line 

(exclusive of points  and 
crossings) . . . . . 

Rate. -- 
f,. S. a. 
0 1 9  

0 2 0  

017 0 

0 1 8  

0 7 3  

0 7 7  

0 1 34 

814 0 

8 0 0  

011 0 

. I  

.. 

- 

45 13 6 
%. d .  a. 

110  16 0 

664 14 0 

146  13  4 

1,028 1 0 

593 0 4 

284  3  4 

1,094 0 6 

38 0 0 

419 0 

75 0 0 
--- 
4,085 l 0 
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2. HEAVY RAIL. 

343 

Lifting and carting away) 522 cubic yards 

Portland cement concrete) 

0 1 6  1,108 ,, Excavation, &c. . . . . 
0 1 6  

0 1 4  0 ,, 782 
Laying tramway, &c. . . 1.760 lineal yards 0 1 6 
Paving, &c. . . . . . 2,836 sq. yards 0 6 10 
Paving on cement and sand] 

next rails . . . . . I, 0 7 0  

Grouting joints of' setts with) 
4, Qoo bitumen . . . . . 9, 0 1 3  

Steel rails. . . . . . 129 tons 9 1 0  0 
Wrought-iron  fish-plates , 43 

0 1 3  0 
9 0 0  

bolts and nuts 9 c&. 

' E. 8. d. 

macadam,  &c. . . . . 

6 inches thick . . . 

RoyalTy . . . . . . .. .. 

d. 8. d. 

39 3 0 
83 2 0 

547 8 0 

968 19 4 
132 0 0 

547 8 0 

275 0 0 
1,225 10 0 

42 15 0 
5 1 7  0 
0 0 0  

Cost  per mile of single line 
(exclusive of points and 3,867 2 4 
crossings) . . . . . 

--- 

E. 8. d. 

Lifting and carting away) 522 cubic yards mamdam,  &c. . . . . 
b. S. d. 

Portland cement  concrete 
87 14 4 0 1 7  1,108 ,, Excavation, &c. . . . . 
34 16 0 

Grouting joints of setts with] 

547 8 0 0 7 0  95 next rails . . . . . 5G4 
Paving on cement and sand) 

968 19 4 0 6 10 2,836 sq. yards Paving, &c. . . . . . 190 13 4 0 2 2 1,760 lineal yards Laying tramway, &c. . . 
566 19 0 0 1 4  6 6 inches thick . . . . 

4,400 bitumen . . . . . 9 ,  0 1 3  275 0 0 
Sleepers (cast iron) . . . 1414 tons 7 0 0  990 10 0 
Steel rails . . . . . 564 ,, 9 1 0  0 536 15 0 
Wrought-iron keys . . . 198  cwt. 1 6 0  25 7 0 
Royalty at g75 per mile . .. .. 75 0 0 

Cost  per  mile of single line 
(exclusive of points and 4,299 2 0 
crossings) . . . . . 

- 

The  tramways  have now been in  operation for some time, and 
are  giving  great satisfaction. The  wear  and  tear, however, of the 
stones next  the rails,  where the vehicular traffic is  great,  have 
been considerable, which seems to  indicate that  harder  materials 
are  required  next  the rails,  and that it is not good to  have these 
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stones too rigidly bedded. Where  these  setts  have been seriously 
cut  by  the carriage  and cart wheels, they  have been replaced by 
others of the same kind,  with Gowans’ chilled-iron  plates in the 
joints ; or with creosoted beechwood  blocks, with similar  chilled- 
iron  plates in  the joints, bedded and stuffed with  gravel  not larger 
than common  peas. The wooden setts  give  little frictional resiet- 
ance  to  the  ordinary traffic, and promise to  answer well. Mac- 
kison’s system  is found to  be smoother, more elastic,  and more 
pleasant to  run  over  than  the  other rails,  which are  very rigid. 
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